pressure through mn. The moment the piston has passed the point n the valve will open, admitting the air into the receiver C ; and as this receiver may be conceived to be of indefinite magnitude, the alteration of pressure in it, consequent upon the introduction of fresh air, may be neglected. Heat is then communicated to the air in the receiver, in order to restore its temperature to the intensity which existed before the admission of air at a lower temperature. The air is then allowed to escape from the receiver into the base of the cylinder B, evolving work until, on the arrival of the piston at n l, the same quantity has been removed from the receiv forced into it by the pump. The further supply of air from the receiver is then cut off, and that which has entered the cylinder expands, evolving work until, on the arrival of the piston at m ! ,i ts pressure is reduced to that of the at opening valves at the bases of A and B, the pistons are then brought to their first positions.
The problem which must be solved in order to estimate the power and consump tion of fuel in an engine similar to that just described, is as follows :-To determine the pressure and temperature for any point of the stroke of a piston which com presses a given volume of air, and the quantity of work absorbed in forcing the piston to that point. For the temperature and pressure Poisson has furnished the following formulae,-TV /V v H T " U v * and F /V \ P A W 5 where T, P, and V are the temperature from absolute zero (estimated at 491° Fahr. below the freezing-point of water), pressure, and volume of the air before com pression ; T', P', and V' the temperature from absolute zero, pressure, and volume of air after compression; and k is the ratio of the specific heat of air to that at constant volume. Professor W. T homson has deduced, as a consequence of the above, the following formula for the work absorbed, W = P V jA { V ' '"'-i} * From the foregoing formulae I have calculated the work absorbed by compressing air in a cylinder 1 foot long, and of the capacity of 12 cubic inches, the absolute temperature of the air, and its pressure at each tenth of an inch of the piston's pro gress. The following data were employed in the computation:-Weight of 100 cubic inches of atmospheric air of 15 lbs. pressure on the square inch, and 491°* g maining 8 inches of the piston's stroke will be (25*95104-15) = 7*300693 foot pounds, as given in the seventh column. The air thus forced into the receiver at the absolute temperature 566°*3094 F a h r . must then be raised to 849°*464 F a h r ., the constant absolute temperature of the receiver. The heat necessary for this purpose, being that due to the capacity for heat of air at constant pressure, will be that which is able to raise the temperature of 1 lb. of water 0°*04304312 F a h r ., as given in column 15. On leaving the receiver, the air enters the cylinder of expan sion B, and having propelled the piston through 12 inches, the same quantity of air will have passed out of the receiver as was pumped into it by A. The further supply of air is then cut off, and the air after expanding through the remaining 6 inches of the cylinder (which in this case must be 18 inches long), will be reduced to the 3 pressure of 15 lbs. on the square inch, and the absolute temperature^ (491°)=736°*5.
The work evolved by the piston will also be to that absorbed in the condensing pump, as the volume of the cylinder B is to that of the pump A ; from which we find § (7*300693) = 10*95104 foot-pounds, and | (1*537154) = 2*305731 foot-pounds, the work evolved by the first and second parts of the piston's stroke, as given in columns 11 and 12. The work evolved by the engine on the whole, being the difference between the work evolved by B, and the work absorbed by A, will be equal to onethird of the former, or one-half of the latter, or 4*418924 foot-pounds, as given in column 14. Dividing this by 0°*04304312, we obtain 102*66276 foot-pounds as the work evolved by the engine out of each 1° F a h r . per lb. of wT ater communicated to the receiver. This result, which is consigned to the sixteenth column, informs us of the economical value of the engine, which is of course great in proportion to its approach to 772 foot-pounds, the theoretical maximum. The seventeenth column contains the theoretical duty according to Professor T h o m so n 's law, viz. that the range of temperature divided by the maximum absolute temperature is equal to the fraction of heat converted into force by any perfect engine *. It will be observed that the numbers in column 16, representing the work evolved out of each unit of heat, increase with the temperature and pressure of the air in the receiver. In every example given, with the exception of the first, the economical value of the air-engine in question is greater than that of the steam-engine calculated by Mr. R a n k in e in his paper on the Mechanical Action of H eat'f. In considering the relative merits of the engines, we must not, however, lose sight of a most im portant fact discovered by R a n k in e and C l a u s i u s , viz. that a portion of the heat o o>
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fe r e n c e b e tw e e n t h e n u m b e r s in c o lu m n s 4 a n d 1 3 , d iv id e d b y th e n u m b e r s in c o lu m n 4 , a n d m u ltip lie d b y t h e m e c h a n ic a l e q u iv a le n t o f h e a t. Table II employed to evaporate water in the boiler is afterwards evolved in the form of work, in consequence of the liquefaction, in the cylinder, of a portion of the expanding vapour. This fact would induce the hope that a great portion of the latent heat of evaporation, which is at present almost entirely lost, might by an increase of tempe rature, and by extending the principle of expansion, be converted into mechanical effect.
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If, as would appear from the experiments of D e la R ive and M arcet, H aycraft and D ulong, the capacity for heat of a given volume is the same in all gases taken at the same pressure and temperature, the results of the above Tables will be equally true whatever elastic fluid be employed.
It now only remains to offer a few observations, with a view to facilitate the labours of those who may be desirous of constructing a good practical air-engine.
It may be remarked, in the first place, that the receiver C need not be of much greater capacity than the cylinder B. For in the reciprocating engine, the air could be introduced from the pump A, at the same time that an equal amount would be expelled into the cylinder B. It would therefore be only requisite to pass the air through tubes heated by a proper furnace, as in N eilson's , the tubes them selves constituting the receiver C. For a temperature under the red heat, these tubes might be constructed of wrought or cast iron. They might be either straight, like the tubes of a locomotive boiler, or arranged in the form of a coil, as represented by fig. 2 , in which a is the pipe which conveys the air from the pump, c, c, c, &c. is the coil of wrought or cast-iron tubing, and b is the pipe which conveys the heated air to the cylinder. The coil is surrounded by a massive arch of brickwork, which serves at once to support the pipes, and to prevent waste of heat. To prevent the temperature exceeding the proper limits, the pipe b might, as it expands by the heat of the inclosed air, move a piece of mechanism in connection with the damper of the flue. I may remark that, on the scales adopted, fig. 2 represents the size of receiver which would be required for an engine the cylinder of which is 3 feet in diameter.
I would here venture to suggest whether the combustion of the fuel could not, by suitable mechanical arrangements, be carried on within the receiver C ; if this could be accomplished, the heat, which in the form of receiver already described is lost up the chimney, would be economized, and a great saving of weight and space would be effected. An engine furnished with a receiver of this kind would be strikingly analogous to the electro-magnetic engine, and present a beautiful illustration of the evolution of mechanical effect from chemical forces.
In both of the above forms of receiver, it would be desirable, as already hinted, that the introduction of the air into the receiver should be simultaneous with the expulsion of the same quantity into the cylinder. This is necessary in order both to keep the pressure in the receiver uniform and to promote the smooth action of the engine. For this purpose the piston-rods of the pump and cylinder, a and b ( fig. 3) , must be attached to cranks on different parts of the circumference of the revolving shaft cc, so contrived that the piston shall arrive at the top or bottom of the cylinder the moment that the pump-valve opens admitting a fresh supply of air into the re ceiver. The cylinder should of course be provided with proper expansion gear to cut off the air at the required part of the stroke, which must be a constant quantity for each engine. The valves of the pump would of course be self-acting.
In an engine similar to that described, it will be obvious that if the temperature of the receiver be kept constant, the pressure of air in it will also remain constant. For whilst the same quantity of air is always introduced into the receiver by each stroke of the pump, the quantity expelled out of it would increase with an augmentation and decrease with a diminution of pressure.
In conclusion, I would recommend the examples No. 3 and No. 5 of Table II . to the attention of those who may be willing to construct an air-engine. In both of these cases the capacity of the pump is two-thirds of that of the cylinder. In the cylinder of No. 3 the air is to be cut off' at one-third of the stroke; and in that of No. 5 at one-sixth of the stroke. The temperature of the air in the receiver (sup posing that of the atmosphere to be 32° Since the above was written, Professor W. H. M iller has directed my attention to the probable incorrectness of the value of k, as deduced from the experiments of D elaroche and B erard on the specific heat of air, and my own determination of the mechanical equivalent of h eat; in comparison with the value deduced from the numerous and excellent experiments on the velocity of sound. Mr. Rankine con siders that the discrepancy between the two values arises from the incorrectness of D elaroche and B erard's result, an opinion which would seem to be justified by the entire want of accordance between the determination of these philosophers, and those of S uermann, and Clement and D esormes. I have therefore been induced to make the following careful experiments in order to obtain a fresh and, if possible, more correct value of the specific heat of air at constant pressure.
The apparatus I employed is represented by fig. 4 , in which a and h are two vessels, each of which contains a coil of leaden piping, eight yards long and one quarter of an inch in internal diameter. The coil of the upper vessel passes three-eighths of an inch through the bottom, to which it is soldered at c, and is thence connected with the coil of the lower vessel by a piece of vulcanized india rubber tubing. This part of the apparatus will be better understood by a reference to fig. 5 , in which a section of it is represented, a being the upper, b the lower vessel, and w the surface of the water in the latter, x x are a pair of wooden pincers by means of which the rubber tube could be compressed so as to prevent, when desired, any communication between the air in the two coils of piping. Referring again to fig. 4 , is a gas-lamp to maintain the water in the upper vessel at a constant high temperature, and^' is a tall jar filled with coarsely pounded chloride of calcium, in passing through which the air was entirely deprived of aqueous vapour ; a length of vulcanized india rubber tubing, p, connects the coil of the lower vessel with a good air-pump, each barrel of which was found to have a capacity of 12*77 cubic inches. The temperature of the pump could be ascertained by means of a small thermometer, the bulb of which was kept in contact with one of the barrels.
The method of experimenting was as follows:-The lower vessel being filled with cold water, and the upper with water raised to about 190°, their exact temperatures were read off', with the usual precautions, from the scales of delicate and accurate thermometers. The pump was then worked at a uniform velocity for twenty-six minutes, the water in the lower vessel being agitated from time to time by a stirrer. The examination of the barometer and thermometers a second time occupied four minutes more; so that the whole time occupied by each experiment was exactly half an hour. The pincers were now applied so as to cut off* all communication between the air in the two coils, and the effect of the various causes of a change of tempera ture in the lower vessel, unconnected with the current of heated air, was observed during another half-hour. Experiments of both the above kinds were repeated several times with the results tabulated below.
I may remark in this place that I had ascertained, by preliminary experiments, that the air passed from the coils of the vessels sensibly at the temperatures registered by the thermometers plunged into the surrounding water. It will be observed that the excess of the temperature of the room above the mean temperature of the water in the lower vessel, was, in the experiments with heated air, 2°*42, but in the experiments on the effect of radiation 2°-459. A comparison of the several experiments with one another, furnished the means of determining the amount of the small correction due to this circumstance. Hence 0°*925+0o,002 -0o,448 =0°*479 will be the corrected mean increase of temperature due to the current of heated air. The material in which this increase took place consisted of 175500 grs. of water, 15635 grs. of copper, and 53370 grs. of lead, the whole halving a capacity for heat equivalent to that of 178535 grs. of water. The volume of air passed through the pump was 12*77X26X24=7968*48 cubic inches, which, at the observed baro metric pressure and the temperature 50°*6, would weigh 2537'94 grs. We have therefore for the specific heat of atmospheric air at constant pressure-Professor W. II. M iller has remarked that M oll's experiments, when correctly reduced, give a velocity of sound equal to 332*475 metres per second in dry air at 32°. Hence he deduces 1*41029 as the value of Calling it in round numbers 1*41, and the mechanical equivalent of heat 772, we obtain 0*238944 as the value of the specific heat of air at constant pressure, a result sufficiently near the experimental determi nation to show that the value of k, as deduced by Professor M iller, is much nearer the truth than that upon which the tables of the foregoing paper are founded.
The values of k, as determined by the experiments of D esormes and Clement, Gay-L ussac and W elter, and Mr. M eikle, referred to in the note to page 67, are re spectively only 1*354, 1*375, and 1*333. In these experiments a small portion of air having been withdrawn from a large receiver, the equilibrium was re-established by opening for an instant a large aperture communicating with the external air, and then, after the receiver and its contents had regained their original temperature, the alteration of pressure, indicating the sudden rise of temperature which had taken place on the admission of the air, was noted. But it is obvious that the sudden ad mission of the air would cause the development of , and that, a portion of the vis viva escaping in this form, the increase of temperature and the deduced ratio of the specific heats would be diminished accordingly.
I subjoin Tables, similar to Tables I. and II. , calculated from the data 1*41, and the specific heat of air at constant volume =0*169464, or at constant pressure =0*238944.
In Table IV ., the examples 9, 10 and 11 may be suggested to the notice of the practical engineer, the temperature of the receiver being in all those cases below that of redness. I may remind the reader that the Table is founded on the supposition that the air which enters the pump has 491° of temperature from the absolute zero, and that its pressure is 15 lbs. on the square inch. If this initial temperature be altered, the whole of the other temperatures in the Table must be altered in the same proportion, but the pressure, work and economical duty will remain unchanged. I f the initial pressure be altered, all the other pressures and wrork will suffer a propor tionate change, but the temperatures and economical duty will remain the same. The above are obvious deductions from the formulae on which the Tables are founded. Acton Square, Salford, March 20, 1852. Let the source from which the heat is supplied be at the temperature S, and let T denote the temperature of the coldest body that can be obtained as a refrigerator. A cycle of the following four operations, reversible every , gives, according to Carnot's principle, first demonstrated for the Dynamical Theory by Clausius, the greatest possible statical mechanical effect that, can be obtained in these circumstances from a quantity of heat supplied from the source.
(1.) Let a quantity of air contained in a cylinder and piston, at the temperature S, be allowed to expand to any extent, and let heat be supplied to it to keep its tem perature constantly S.
(2.) Let the air expand farther, without being allowed to take heat from or to part with heat to surrounding matter, until its temperature sinks to T.
(3.) Let the air be allowed to part with heat so as to keep its temperature con stantly T, while it is compressed to such an extent that at the end of the fourth operation the temperature may be S.
(4.) Let the air be farther compressed, and prevented from either gaining or parting with heat, till the piston reaches its primitive position.
The amount of mechanical effect gained on the whole of this cycle of operations will be the excess of the mechanical effect obtained by the first and second above the work spent in the third and fourth. Now if P and V denote the primitive pressure and volume of the air, and if Pi and Vn P2 and V2, P3 and V3, P4 and V4 denote the pressure and volume respectively, at the ends of the four successive operations, we have by the gaseous laws, and by P oisson's formula and a con clusion from it quoted above, the following expressions:- in the fourth o p e r a t i o n .................... = P3V3 . £~i{ (^r) -l}* Now, according' to the gaseous laws, we have P,V1= PV; P,VS= P , V ,^| ; P3V3= P 2V2; and (since V4= V ), P4= P .
Also by P oisson's form ula, /V^* -1 /V3V 1 I + ES
[ y j -\ v j 1 + e t * By means of these we perceive that the work spent in the fourth operation is equal to the mechanical effect gained in the second; and we find, for the whole gain of mechanical effect (denoted by M), the expressions M = (P V -P3V3) log y---PV log y * 1 ES ' All the preceding formula are founded on the assumption of the gaseous laws and the constancy of the ratio ( k) of the specific heat under cons the specific heat in constant volume, for the air contained in the cylinder and piston, and involve no other hypothesis*. If now we add the assumption of M ayer's hypo thesis, which for the actual circumstance is PV log y = J H , where H denotes the heat abstracted by the air from the surrounding matter in the first operation, and J the mechanical equivalent of a thermal unit, we have
M^J H E (S -T )
1 + ES * The investigation of this formula given in my paper on the Dynamical Theory of Heat, shows that it would be true for every perfect thermo-dynamic engine, if M ayer's hypothesis were true for a fluid subject to the gaseous laws of pressure and density, whether, for such a fluid (did it exist), k were constant or not.
It was first obtained by using, in the formula * From the sole hypothesis that k is constant for a single fluid fulfilling the gaseous laws, and having E for its coefficient of expansion, I find it follows, as a necessary consequence, that Caknot's function would have JE the form -----; where C denotes an unknown absolute constant, and t the temperature measured by a 1 -|-E£ -j-C thermometer founded on the equable expansions of that gas. From this it follows, that for such a gas sub-V 1 I ~pc jected to the four operations described in the text, we must have P V lo g -I = J H ----and consequently, V 1 + ES-J-(J ■p/O _»T 1\ M = JH -^» which is Mr. Rankine's general formula.
